Abstract. interleukin (il)-23 is a heterodimeric cytokine comprising IL-12p40 and the recently cloned IL-23-specific p19 subunit. like il-12, il-23 is expressed predominantly by activated dendritic cells and phagocytic cells. Both cytokines induce interferon-γ secretion by T cells, and antagonistically regulate local inflammatory responses in the tumor microenvironment as well as the infiltration of intraepithelial lymphocytes. although the expression of il-23 in various organs has been reported, it is unclear whether il-23 is expressed in oral cancer. The expression of il-23 and its receptors was examined in human oral squamous cell carcinoma (HoScc) cell lines and tissue. il-23 and its receptor mrnas and proteins were spontaneously expressed, and il-23 was increased by TnF-α stimulation in the oral cancer cells. A cell proliferation assay confirmed that IL-23 promotes cell proliferation in oral cancer. The localization of il-23 protein in HoScc tissue was examined using immunohistochemistry. a positive reaction for anti-il-23 antibody was weakly observed in the cytoplasm of inflammatory infiltrating cells and cancer cells in HoScc tissue. Meanwhile, nuclear factor-κB immunoreactivity was strongly positive in HoScc tissue, which is particularly consistent with the observation of il-23-positive cells in Scc tissue. These data suggest that IL-23 plays a significant role in the growth and proliferation of oral cancer.
Introduction
The epidemiologic relationship between cancer and inflammation has been well established. Many cancers arise at the site of chronic inflammation, and inflammatory mediators are often produced in tumors (1, 2) . The frequent use of antiinflammatory drugs reduces the incidence of a variety of human tumors (3) . although the blockade of certain of these mediators has been shown to be efficacious in experimental settings, it is still unclear whether the inflammatory reaction at the tumor site promotes tumor growth or simply indicates the failed attempt of the immune system to eliminate the rising malignancy. cytokines comprise a large family of secreted proteins that bind to and signal through defined cell surface receptors on a wide variety of target cells, thus playing a pivotal role in the establishment and maintenance of homeostasis. Many cytokines share structural features and functions during development, immune response or inflammation.
interleukin (il)-23 is a heterodimeric cytokine with many similarities to il-12 that was discovered during a structurebased bioinformatics search for novel il-6 family members (4) . il-23 comprises a p19 subunit that associates with the il-12p40 subunit (4), whereas il-12 is a combination of il-12p35 and the same il-12p40 subunit (5) . Furthermore, il-23p19 is a molecule structurally related not only to il-6, but also to granulocyte-colony stimulating factor (G-cSF) and the p35 subunit of il-12. although p19 is expressed in various tissues and cell types, it lacks biological activity and only becomes biologically active when complexed with p40, which is normally secreted by activated macrophages and dendritic cells (dcs) (4) . il-23 uses many of the same signaltransduction components as il-12, including the il-12 receptor (r) β1 subunit (il-12rβ1), Janus kinase (Jak)2, tyrosine kinase (Tyk)2, signal transducer and activator of transcription (Stat)1, Stat3, Stat4 and Stat5 (4, 6) . il-23r, composed of the il-12rβ1 and il-23r subunits, is also expressed in dcs, macrophages and T cells (6) . consistent with the structural and biological similarities between il-12 and il-23, the il-23r complex shares a subunit with il-12 (il-12rβ1); however, it does not use or detectably bind to il-12rβ2 (4). The ability of cells to respond to il-12 or il-23 is determined by the expression of il-12rβ2 or il-23r, respectively (6). additionally, both cytokines promote the T helper cell type 1 (Th1) costimulatory function of antigen-presenting cells (7) . However, il-23 does differ from il-12 in the T cell subsets that it targets. il-12 acts on naive cd4-positive T cells, whereas il-23 preferentially acts on memory cd4-positive T cells (7) . it has been reported that il-12 has potent antitumor activity in a variety of murine tumor models, causing the regression of established tumors (8-10) and inhibiting the formation of experimental metastases (8, 9) and spontaneous metastases (11, 12) . on the other hand, it was recently reported that genetic deletion or antibody-mediated elimination of il-23 in mice leads to increased infiltration of cytotoxic T cells into the transformed tissue, rendering a protective effect against chemically-induced carcinogenesis (13) . although il-23 and its receptors are expressed by activated macrophages, dcs and keratinocytes in healthy skin, it is largely unknown whether they are expressed in human oral cancer cells.
The present study investigated whether il-23 and its receptors are expressed in human oral squamous cell carcinoma (HoScc) in vitro and in vivo. il- 23 and its receptors were demonstrated to be spontaneously expressed, and il-23 was increased by TnF-α stimulation in the oral cancer cells. Furthermore, a cell proliferation assay confirmed that IL-23 promotes cell proliferation in oral cancer. The expression and distribution of il-23 and nuclear factor-κB (nF-κB) was also examined in the HoScc tissues.
Materials and methods
Reagents. Mouse anti-human nF-κB p65/rela (p65) monoclonal antibody (Mab rela) and goat anti-human il-23p19 polyclonal antibody (Pab il-23p19) were purchased from Santa cruz Biotechnology (Santa cruz, ca, uSa) for immunoblot analysis and immunohistochemistry. Mab il-23r and Mab il-12rβ1 were purchased from r&d Systems (Minneapolis, Mn, uSa). Mab β-actin was obtained from Sigma (Mi, uSa). recombinant human (rh) TnF-α and rhil-23 (r&d Systems) was used for the stimulation of the cell lines.
Cell culture. Human oral squamous cell carcinoma (HoScc: HSc-2, HSc-3, HSc-4 and ca9-22) cells (obtained from the american Type culture collection, aTcc, Manassas, Va, uSa) were respectively maintained in rPMi-1640 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 iu/ml penicillin and 100 µg/ml streptomycin, and grown to confluency in 25 cm 2 culture flasks at 37˚C in a humidified 5% CO 2 incubator until use.
RNA extraction and RT-PCR.
Total rna was extracted from monolayer HoScc cells (1x10 6 cells/ml) by a previously reported acid-guanidinium-phenol-chloroform (aGPc) method (14) . To confirm the expression of IL-23p19, IL-23R and il-12rβ1 genes, rT-Pcr analysis was performed. Briefly, random hexamer-primed single-stranded cDNA was synthesized with an rna la Pcr™ kit (Takara Shuzo, Shiga, Japan) from 1.0 µg of total RNA in a final volume of 20 µl with 0.25 units of avian myeloblastosis virus reverse transcriptase at 42˚C for 60 min. An aliquot (1.0 µl) of the reaction mixture was diluted with 10 µl of Pcr buffer containing 4 pmole each of the forward and reverse primer sets. Pcr primers were designed and synthesized by Sigmaaldrich, inc. (ishikari, Japan). The following primer sequences were used in the Pcr reactions: il-23p19 forward: TGc TaG GaT cGG aTa TTT Tca caG G; reverse: GaG GcT TGG aaT cTG cTG aGT c; il-23r forward: GaT aTT ccT GaT Gaa GTa acc TGT GTc; reverse: GaT acT GTT GCT CTT CTT CTG TCT C; IL-12Rβ1 forward: TGT TTT caG Gac ccG cca TaT c; reverse: aaG Gca aca ccG caG Gaa G; GaPdH forward: caG ccT caa GaT caT caG ca; reverse: aca GTc TTc TGG GTG Gca GT. The Pcr reaction was then performed with 2.5 units of Takara la Taq™ (Takara). The samples were subjected to denaturation at 94˚C for 3 min, followed by 40 cycles of denaturation at 94˚C for 1 min, annealing at 60˚C for 2 min and extension at 72˚C for 1 min. The last cycle had an extension period of 7 min. The amplified DNA was electrophoresed on a 2.0% agarose gel, stained with ethidium bromide and visualized on a uV illuminator, then photographed.
Cell proliferation assay. The cell proliferation assay used is based on the cleavage of the tetrazolium salt WST-8 to formazan by cellular mitochondrial dehydrogenases, the activity of which increases proportionally with the number of viable cells. The formazan dye produced by viable cells was quantified as an index of cell proliferation. Monolayer HSc-3 cells (2x10 4 cells/100 µl/well) derived from lymph node metastasis of tongue cancer were incubated for 24 h on a 96-microwell plate. The cells were washed once with PBS and incubated with rhil-23 (10 ng/ml) for 4, 8, 12, 24 and 48 h in rPMi-1640 medium with 10% FBS. WST-8/ecS solution (10 µl; dojindo laboratories, Tokyo, Japan) was added to each well and incubated with the cells for 2 h at 37˚C in a humidified 5% CO 2 incubator. The cells were then shaken thoroughly for 1 min on a shaker. after shaking, the relative viable cell number was determined by measuring the absorbance of the dye solution at 450 nm.
Immunoblot analysis. The monolayer cells (1x10 6 cells/ml) were lysed in cell lysis buffer containing 50 mM Tris-Hcl (pH 8.0), 150 mM nacl, 0.02% sodium azide, 1% Triton x-100, 1 µg/ml aprotinin and 100 µg/ml phenylmethylsulfonyl fluoride (PMSF), and were scraped from the dishes with a cell scraper (nalge nunc, il, uSa). after 20 min on ice, the lysate was centrifuged for 5 min at 15,000 rpm at 4˚C. The soluble supernatant fraction was used for Western blot analysis. Protein concentrations were measured using the Bio-rad protein assay (nippon Bio-rad laboratories, Tokyo, Japan). For the detection of IL-23, IL-23R and IL-12Rβ1 protein by gel electrophoresis, 10-µg protein samples were mixed with an equal volume of SdS-PaGe sample buffer and boiled for 5 min. These amounts were loaded per lane and separated on a polyacrylamide gel of appropriate percentage, then the proteins were electroblotted onto nitrocellulose membranes. Subsequent immunoblot analysis was carried out according to a previously reported method (14) .
Primary tumor sample. A formalin-fixed paraffin-embedded specimen was obtained from a patient with Scc treated at the department of oral and Maxillofacial Surgery, Meikai university Hospital, Japan. The pathological diagnosis of the oral lesion was based on histological examination of H&E-stained slides according to the WHO classification (15) . Postsurgical TnM stage was determined according to the pTNM pathological classification of the International Union against cancer (uicc) (16) . The specimens were obtained during surgical biopsy. The patient had not undergone preoperative chemotherapy or radiotherapy. For il-23 and nF-κB staining, the sections were immersed in absolute methanol containing 0.3% H 2 o 2 for 20 min at room temperature to block endogenous peroxidase activity. after washing, each section was immersed in 0.01 M citrate buffer (pH 6.0) and heated in a microwave oven for 15 min as described by Shi et al (17) . after washing with PBS (pH 7.4), the sections were incubated in 2% bovine serum albumin in PBS (BSa-PBS) for 15 min at room temperature to block non-specific reactions. Diluted Pab il-23p19 (1:100) and Mab nF-κB (1:100) were applied to the sections for 60 min at room temperature. after washing with PBS, the slides were incubated with rabbit anti-goat igG (H+l) antibody for il-23p19 (1:200) or horse anti-mouse igG (H+l) antibody for nF-κB (1:200) for 30 min at room temperature. diluted streptavidin-peroxidase (1:1000) was applied to the sections for 30 min. The sections were immersed for 10 min in 0.05% 3,3'-diaminobenzidine tetrahydrochloride in 0.05 M Tris-Hcl buffer (pH 7.6) containing 0.01% H 2 o 2 , and then counterstained with Mayer's haematoxylin.
Ethical considerations. The study was approved by the research ethics committee of the Meikai university School of dentistry.
Results

Detection of the gene expression IL-23 and its receptors in HOSCC cells stimulated by TNF-α.
To investigate whether the HoScc (HSc-2, HSc-3, HSc-4 and ca9-22) cell cultures expressed il-23 and its receptor mrnas, rT-Pcr analysis was carried out using specifically designed primer pairs. The expression of il-23 was detected in the total rna of each oral tumor cell line (Fig. 1) . as an internal control, GaPdH mrna detection was performed to assess the integrity of the cdna obtained from the total rna extracted from the oral tumor cell lines, thus demonstrating that the total rna obtained was intact. The il-23r and il-12rβ1 receptors were detected in four HoScc cell lines (Fig. 1) .
Protein expression of heterodimeric IL-23 and its receptors in HOSCC cells
. SdS-solubilized cell extracts of the HoScc cell lines were subjected to immunoblot analysis to determine the presence of il-23 and its receptor proteins, as well as the quantity of these proteins expressed in HoScc cells. immunoblot analysis revealed that the il-23, il-23r and il-12rβ1 induced in the HoScc cell lines were the 21-kda, 69-kda and 75-kda peptides, respectively (Fig. 2a) . Therefore, il-23 and its receptor peptides were endogenously expressed in the HoScc cell lines. The effect of TnF-α on the level of il-23 protein was then determined by treating HSc-3 cells with 10 ng/ml TnF-α over a time course (Fig. 2B) . TnF-α induced a gradual increase in the level of il-23 protein in a time-dependent manner.
Increase in the number of HSC-3 cells by IL-23.
To investigate whether il-23 promotes cell proliferation in HoScc, a cell proliferation assay was carried out using the HSc-3 cell line. HSc-3 cell numbers were revealed to be distinctly increased in a time-dependent manner by treatment with 10 ng/ml of rhil-23; treatment with 10 ng/ml of rhil-23 produced an ~5-fold increase in the number of HoScc cells during the 2-day culture (Fig. 3) . The cell number after 48 h of treatment with rhil-23 was increased 2-fold in comparison with the untreated control. HSc-3 cells were further treated with il-23 in the presence of Pab il-23p19, a neutralizing antibody specific for IL-23 (Fig. 3) . PAb IL-23p19 abolished the induction of cell proliferation by il-23, and the HSc-3 cell number was ultimately reduced to the control level. This result indicates that the promotion of cell proliferation is a specific effect of IL-23 in HOSCC.
Immunohistochemical detection of IL-23 and NF-κB in SCC
tissue. immunohistochemical detection of il-23 and nF-κB was carried out in a patient with oral Scc. a positive reaction for Pab il-23 was weakly observed in the cytoplasm of infiltrating inflammatory cells and cancer cells in SCC tissue. in contrast, strong rela immunoreactivity was observed, especially consistent with il-23-positive cells in Scc tissue (Fig. 4) . 
A B Discussion
The expression of cytokines and their receptors in human tumors has attracted a great deal of interest due to their potential significance for tumor immunity. In particular, it has previously been reported that members of the TnF family including Fas/ Fas ligand and Trail regulate the elimination of unwanted immune cells by inducing apoptosis (18) (19) (20) . However, despite the expression of these distinct antigens, tumor elimination by the immune system is often inefficient. It is thought that tumor cells may also evade immune attack by expressing Fas ligand, Trail or other molecules that induce apoptosis in activated T cells (21) . in addition, we observed in a previous study that tumor cells possess the potential to escape immune surveillance by killing host T lymphocytes through several cytokines, such as rcaS1 (22) . in a more recent study, il-23 was identified as a cancer-associated cytokine. The expression of IL-23, but not that of its close relative IL-12, was significantly increased in the vast majority of human tumors from various organs as compared with normal adjacent tissue from the same individuals (13) . The role of il-23 in tumorigenesis is clearly demonstrated in mice lacking il-23p19; these mice are almost completely resistant to endogenous tumor formation when challenged in a chemical carcinogenesis protocol (13) . By comparison, a sizeable number of reports have described the tumor-inhibitory effects of il-23 in fast growing, immune-sensitive mouse tumor models genetically engineered to overexpress an il-23-like product with linked p40 and p19 subunits. Following implantation in immune-naive hosts, il-23-overexpressing tumors show reduced growth and metastasis, consistent with the stimulation of a cd8-positive memory T-cell response (23) (24) (25) (26) (27) . as mentioned, the precise role of il-23 and its function at the cancer invasive front is controversial. although a variety of tissues have been screened and found to be positive for il-23 expression, no data exist regarding whether il-23 is expressed in the oral region.
in the present study, we demonstrated that the mrna and protein levels of il-23 and its receptors were constitutively co-expressed in HoScc cells, and that il-23 was increased by TnF-α stimulation in HSc-3 cells in a time-dependent manner. Blocking the function of il-23 inhibited the proliferative activity of tumor cells. Furthermore, the in vivo experiments revealed strong RelA-specific immunoreactivity in an SCC biopsy sample, particularly consistent with the observation of il-23-positive cells in Scc tissue. nF-κB plays key roles in inflammation, immune response, tumorigenesis and protection against apoptosis (28) (29) (30) . in most cell types, nF-κB remains bound to iκBα protein, and thereby inactive, in the cytoplasm (31, 32) . after stimulation by various reagents, iκBα is rapidly phosphorylated by the iκB kinase (ikk) complex and degraded by the proteasome, allowing nF-κB to translocate to the nucleus and activate its target gene (29, 33, 34) . Here, we suggested that il-23 might promote nF-κB activity, or alternatively that il-23 function might be activated by nF-κB in Scc tissue. Finally, we noted that il-23 was secreted not only by dcs and macrophages, as shown in previous studies (4) , but also by autologous cancer cells. consequently, we propose the existence of an autocrine mechanism, by which tumor growth is promoted by il-23 produced by autologous cancer cells. The combined data indicate that il-23 plays a significant role in the growth and proliferation of oral cancer; thus, il-23 could be used as a predictor of poor prognosis in patients with the disease. Identification of the signaling pathways underlying these events may provide the key to elucidating the mechanisms of the development of oral cancer. Further investigation into the role of il-23 is required to fully understand il-23-mediated tumor survival and to establish an il-23-based oral cancer therapeutic strategy.
